® 



J 



Europaisches Patentamt 
European Patent Office 
Office europden des brevets 



© Publication number: 



0 399 608 

A2 



© 



EUROPEAN PATENT APPLICATION 



@ Application number: 90201282.2 
(§) Date of filing: 21.05.90 



© Intel. 5 : B01D 53/14 



© Priority: 26.05.89 CA 600759 


© Applicant: SHELL INTERNATIONALE 




RESEARCH MAATSCHAPPIJ B.V. 


® Date of publication of application: 


Carel van Bylandtlaan 30 


28.11.90 Bulletin 90/48 


NL-2596 HR Den Haag(NL) 


© Designated Contracting States: 


@ Inventor: Chopra, Vljay Kumar 


DEGBNL 


1500 Macleod Tr. S. 




Calgary, Alberta T2 H2 N7(CA) 




Inventor: Kaija, Steven Paul 




400-4th Avenue South West 




Calgary, Alberta(CA) 




© Representative: Aalbers, Onno et al 




P.O. Box 302 




NL-2501 CH The Hague(NL) 



© Process for removing acid gas from a gas mixture containing acid gas. 



© Process for removing acid gas from a gas mix- 
ture containing acid gas comprising the steps of 
contacting the gas mixture with a first absorbent in 
absorber (3) to produce treated gas and loaded first 
absorbent, and regenerating (20) loaded first absor- 
bent to produce regenerated first absorbent and a 
gas enriched in hydrogen sulphide; contacting the 
treated gas in absorber (30) with auxiliary absorbent 
to produce purified gas and loaded auxiliary absor- 
bent, and regenerating (50) loaded auxiliary absor- 
bent to produce regenerated auxiliary absorbent 



which is supplied to the auxiliary absorber and a gas 
enriched in hydrogen sulphide; supplying gas en- 
riched in hydrogen sulphide to sulphur recovery 
plant (55); reducing (60) the sulphur compounds 
other than hydrogen sulphide in the off-gas to hy- 
drogen sulphide to produce reduced off-gas; con- 
tacting the reduced off-gas in absorber (65) with 
regenerated first absorbent to produce sulphur-free 
gas and partly loaded first absorbent; and supplying 
partly loaded first absorbent to the first absorber for 
use in absorber (3). 
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The present invention relates to process for 
removing acid gas from a gas mixture containing 
acid gas, in particular to a process for removing 
acid gas from a gas mixture at elevated pressure 
(above 10 bar) containing more than 10 %v (per 
cent by volume) of hydrogen sulphide. The gas 
mixture can further contain carbon dioxide. 

A known process for removing acid gas from a 
gas mixture containing acid gas comprises contact- 
ing the gas mixture in an absorber at elevated 
pressure with absorbent to produce purified gas 
and loaded absorbent and regenerating loaded ab- 
sorbent to produce lean absorbent and a gas en- 
riched in hydrogen sulphide, wherein regenerating 
loaded absorbent includes totally regenerating 
loaded absorbent by stripping the loaded absor- 
bent with an inert gas such as steam at about 
atmospheric pressure. 

The gas enriched in hydrogen sulphide is sup- 
plied to a sulphur recovery plant where hydrogen 
sulphide is converted to elemental, sulphur yielding 
an off-gas containing sulphur compounds and re- 
moving the elemental sulphur from the sulphur 
recovery plant 

In the sulphur recovery plant hydrogen sul- 
phide is converted to elemental sulphur according 
to the so-called Claus process, in which process 
part of the hydrogen sulphide is oxidized to sulphur 
dioxide in the thermal stage and the reaction be- 
tween the remainder of the hydrogen sulphide and 
the formed sulphur dioxide is allowed to proceed in 
the catalytic stage. In such a plant about 95% by 
mass of the hydrogen sulphide is converted to 
elemental sulphur, the remainder exits the sulphur 
recovery plant in the off-gas as sulphur compounds 
such as sulphur dioxide. 

To remove sulphur compounds from the off- 
gas, the known process comprises the further 
steps of reducing the sulphur compounds other 
than hydrogen sulphide in the off-gas to hydrogen 
sulphide to produce reduced off-gas; contacting the 
reduced off-gas in a secondary absorber at sub- 
stantially atmospheric pressure with lean absorbent 
to produce sulphur-free gas and loaded absorbent; 
and regenerating the loaded absorbent to produce 
lean absorbent and a gas enriched in hydrogen 
sulphide which is supplied to the sulphur recovery 
plant. These further steps are sometimes referred 
to as sulphur recovery plant off-gas treating pro- 
cess, or Claus off-gas treating process. 

It is an object of the present invention to pro- 
vide process that can be used to treat gas mixtures 
with different acid gas contents, and that can easily 
handle large variations of the volumetric flow rate 
of the gas mixture supplied to the first absorber. 

It is a further object of the invention to provide 
a process for deep removal of the acid gas, to wit 
the amount of hydrogen sulphide in the purified 



gas has to be below 10 ppmv (part per million by 
volume). 

To these ends the process for removing acid 
gas from a gas mixture containing acid gas accord- 
5 ing to the present invention comprises the steps of 

a) contacting the gas mixture in a first ab- 
sorber at elevated pressure with a first absorbent to 
produce treated gas and loaded first absorbent and 
regenerating loaded first absorbent to produce re- 

w generated first absorbent and a gas enriched in 
hydrogen sulphide; 

b) contacting the treated gas from step a) in 
an auxiliary absorber at elevated pressure with 
auxiliary absorbent to produce purified gas and 

75 loaded auxiliary absorbent and regenerating loaded 
auxiliary absorbent to produce regenerated auxil- 
iary absorbent and a gas enriched in hydrogen 
sulphide; 

c) supplying gas enriched in hydrogen sul- 
20 phide from step a) and step b) to a sulphur recov- 
ery plant where hydrogen sulphide is converted to 
elemental sulphur yielding an off-gas containing 
sulphur compounds and removing the elemental 
sulphur from the sulphur recovery plant; 

25 d) reducing sulphur compounds other than 

hydrogen sulphide in the off-gas to hydrogen sul- 
phide to produce reduced off-gas; 

e) contacting the reduced off-gas from step 
d) in a secondary absorber at substantially at- 

30 mospheric pressure with regenerated first absor- 
bent from step a) to produce sulphur-free gas and 
partly loaded first absorbent; and 

f) supplying partly loaded first absorbent to 
the first absorber for use in the contacting of step 

35 a). 

Carrying out contacting the gas mixture which 
contains the acid gas in two separate stages facili- 
tates a more flexible operation as the bulk of the 
acid gas is removed in the first absorber and deep 

40 removal is done in the auxiliary absorber; if the rate 
of the supplied gas mixture decreases or if the 
content of acid gas in the gas mixture decreases, 
the auxiliary absorber can be bypassed. In addi- 
tion, for bulk removal "used absorbent" can be 

45 used; a very convenient source for the "used ab- 
sorbent" is the absorbent from the secondary ab- 
sorber, of which absorbent a large amount is avail- 
able with a relatively small hydrogen sulphide con- 
tent. 

so The invention will now be described in more 

detail by way of example with reference to the 
accompanying Figure showing a flowscheme of the 
process according to the present invention. 

A natural gas mixture including hydrogen sul- 

55 phide and carbon dioxide is supplied through con- 
duit 1 to first absorber 3. In the first absorber 3 the 
gas mixture is countercurrently contacted at ele- 
vated pressure with first absorbent supplied to the 
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first absorber 3 through conduit 4 to obtain treated 
gas mixture and a loaded absorbent. The treated 
gas mixture leaves the first absorber 3 through 
conduit 6, and loaded absorbent leaves through 
conduit 9. The temperatures and pressures pertain- 
ing to absorption are between 0 and 90 *C and 
between 1 0 and 75 bar, respectively. 

Loaded absorbent passes through conduit 9 
which is provided with a pressure reducing valve 
(not shown). At reduced pressure absorbent is in- 
troduced into separation vessel 13, and loaded 
absorbent from which gas has desorbed leaves the 
separation vessel 13 as partly regenerated absor- 
bent through conduit 14, and desorbed gas is con- 
tacted in contactor 15 with first absorbent supplied 
through conduit 17 to remove the desorbed hy- 
drogen sulphide from the gas. After contacting the 
gas leaves the contactor 15 through conduit 19. 

Partly regenerated absorbent is passed through 
conduit 14 to regenerator 20. In the regenerator 20 
the absorbent is totally regenerated by stripping 
with steam which is obtained by reboiling part of 
the absorbent in reboiler 21 and introducing heated 
♦ steam-containing fluid in the bottom part of the 
regenerator 20. The temperatures and pressures 
pertaining to regenerating an absorbent are known 
as such and are not relevant to the invention. 

Gas enriched in hydrogen sulphide leaves the 
regenerator through conduit 22. If required the con- 
densate can be separated from the gas by partly 
condensing the gas (not shown). 

Treated gas mixture is passed through conduit 
6 to auxiliary absorber 30, in which the gas is 
contacted with auxiliary absorbent supplied to the 
auxiliary absorber 30 through conduit 34 to obtain 
purified gas mixture and loaded auxiliary absor- 
bent. The purified gas mixture leaves through con- 
duit 36, and loaded auxiliary absorbent through 
conduit 39. The temperatures and pressures per- 
taining to absorption are between 0 and 90 * C and 
between 1 0 and 75 bar, respectively. 

Loaded auxiliary absorbent passes through 
conduit 39 which is provided with a pressure re- 
ducing valve (not shown). At reduced pressure 
absorbent is introduced into separation vessel 43, 
auxiliary absorbent from which gas has desorbed is 
removed as partly regenerated absorbent through 
conduit 44, and desorbed gas is contacted in con- 
tactor 45 with auxiliary absorbent supplied through 
conduit 47 to remove the desorbed hydrogen sul- 
phide from the gas. After contacting the gas leaves 
the contactor 45 through conduit 49. 

Partly regenerated absorbent is passed through 
conduit 44 to regenerator 50. In the regenerator 50 
the absorbent is totally regenerated by stripping 
with steam which is obtained by reboiling part of 
the absorbent in reboiler 51 and introducing heated 
steam-containing fluid in the bottom part of the 



regenerator 50. The temperatures and pressures 
pertaining to regenerating an absorbent are known 
as such and are not relevant to the invention. 

Gas enriched in hydrogen sulphide leaves the 

5 regenerator through conduit 52. If required the con- 
densate can be separated from the gas by partly 
condensing the gas (not shown), and regenerated 
auxiliary absorbent leaves the regenerator 50 
through conduit 53 and is passed to conduits 34 

w and 47. 

Gas enriched in hydrogen sulphide is passed 
through conduits 22 and 52 to sulphur recovery 
plant 55. 

In the sulphur recovery plant 55 elemental sul- 
/5 phur is produced according to the following two 
reactions: 

2H 2 S + 30 2 — 2H 2 0 + 2S0 2 , and 

4H 2 S + 2S0 2 — 4H 2 0 + 6S. 

The reactions are carried out in the presence of a 

20 suitable catalyst and at suitable conditions which 
are well known as such and not relevant to the 
present invention. Elemental sulphur leaves the sul- 
phur recovery plant through conduit 57 and plant- 
off gas through conduit 58. Since the reactions are 

25 equilibrium reactions the plant off-gas contains hy- 
drogen sulphide and sulphur dioxide, in addition 
the plant-off gas can contain organic sulphur com- 
pounds. To remove sulphur compounds from the 
plant off-gas, this gas is further treated. 

30 To this end the plant off-gas is supplied 
through conduit 58 to reduction reactor 60. In the 
reduction reactor 60 the plant off-gas is catalyt- 
ically treated in the presence of a reducing gas 
such as hydrogen and/or carbon monoxide in order 

35 to convert sulphur compounds other than hydrogen 
sulphide, for example sulphur dioxide, to hydrogen 
sulphide to obtain reduced off-gas. The catalysts 
used and the conditions in which the reduction is 
carried out are known as such an not relevant to 

40 the present invention. 

Reduced plant off-gas is passed through con- 
duit 61 to secondary absorber 65 where hydrogen 
sulphide is selectively removed from it. In the sec- 
ondary absorber 65 reduced plant off-gas is coun- 

45 tercurrently contacted at atmospheric pressure with 
regenerated first absorbent supplied to the secon- 
dary absorber 3 through conduit 67 to obtain treat- 
ed gas and a used first absorbent. The treated gas 
leaves the secondary absorber through conduit 69, 

so and partly loaded first absorbent leaves through 
conduit 70. This absorbent is supplied to conduit 
17, and to conduit 4 for use in the first absorber. 

The amount of hydrogen sulphide that can be 
absorbed in an absorbent increases with the partial 

55 pressure of the hydrogen sulphide. Thus to remove 
an amount of hydrogen sulphide at a low partial 
pressure a larger amount of absorbent is required 
than to remove this amount of hydrogen sulphide 
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at a higher partial pressure. As the partial pressure 
of hydrogen sulphide in the reduced off-gas is very 
small the amount of first absorbent to treat reduced 
plant off-gas should high. 

Using in the first absorber this partly loaded 
first absorbent or "used absorbent" therefore re- 
duces the amount of absorbent which is circulating. 
As regenerating loaded absorbent requires an 
amount of heat which is proportional to the amount 
of absorbent to be regenerated in the process 
according to the invention the amount of heat re- 
quired to regenerate the absorbent is thus reduced 
as well. 

In the flowscheme as shown in Figure 1 all 
partly loaded first absorbent is used for removing 
acid gas from the gas mixture and from the desor- 
bing gas, however, if the amount of gas mixture 
supplied to the first absorber 1 decreases, part of 
the partly loaded first absorbent can be supplied 
directly to the regenerator 20. 

In the process according to the invention the 
first absorbent and the auxiliary absorbent are 
aqueous solutions of at least one amine compound, 
and the auxiliary absorbent can further contain a 
physical absorbent such as sulfolane. Suitably the 
amine compound used for the first absorbent and 
for the auxiliary absorbent is a primary amine (such 
as monoethanol amine) or a secondary amine 
(such as diisopropanol amine). 

In an alternative embodiment, the first absor- 
bent is an aqueous solution of a tertiary amine 
(such as methyl diethanol amine, triethanol amine 
or diethyl monoethanol amine) and the auxiliary 
absorbent is an aqueous solution of at least one 
amine compound selected from the group of pri- 
mary amines (such as monoethanol amine) and 
secondary amines (such as diisopropanol amine). 
The auxiliary absorbent can further contain a phys- 
ical absorbent such as sulfolane. 

Contacting can be carried out countercurrently 
in a column provided with trays or packing or 
concurrently in a packed column. 



Claims 

1. Process for removing acid gas from a gas 
mixture containing acid gas comprising the steps of 

a) contacting the gas mixture in a first ab- 
sorber at elevated pressure with a first absorbent to 
produce treated gas and loaded first absorbent, 
and regenerating loaded first absorbent to produce 
regenerated first absorbent and a gas enriched in 
hydrogen sulphide; 

b) contacting the treated gas from step a) in 
an auxiliary absorber at elevated pressure with 
auxiliary absorbent to produce purified gas and 
loaded auxiliary absorbent, and regenerating load- 



ed auxiliary absorbent to produce regenerated aux- 
iliary absorbent which is supplied to the auxiliary 
absorber and a gas enriched in hydrogen sulphide; 
c) supplying gas enriched in hydrogen sul- 

5 phide from step a) and step b) to a sulphur recov- 
ery plant and converting the hydrogen sulphide to 
elemental sulphur yielding an off-gas containing 
sulphur compounds and removing the elemental 
sulphur from the sulphur recovery plant; 

io d) reducing the sulphur compounds other 

than hydrogen sulphide in the off-gas to hydrogen 
sulphide to produce reduced off-gas; 

e) contacting the reduced off-gas from step 
d) in a secondary absorber at substantially at- 

15 mospheric pressure with regenerated first absor- 
bent from step a) to produce sulphur-free gas and 
partly loaded first absorbent; and 

f) supplying partly loaded first absorbent to 
the first absorber for use in the contacting of step 

20 a). 

2. Process as claimed in claim 1, wherein 
regenerating first loaded absorbent comprises re- 
ducing the pressure in the loaded absorbent and 
separating gas desorbing from the absorbent to 

25 produce semi regenerated absorbent and subse- 
quently totally regenerating the semi regenerated 
absorbent. 

3. Process as claimed in claim 2, wherein the 
desorbing gas is contacted with absorbent. 

30 4. Process as claimed in any one of the claims 
1-3, wherein regenerating loaded auxiliary absor- 
bent comprises reducing the pressure in the load- 
ed absorbent and separating desorbing gas from 
the absorbent to produce semi regenerated absor- 

35 bent and subsequently totally regenerating the 
semi regenerated absorbent. 

5. Process as claimed in claim 4, wherein the 
desorbing gas is contacted with absorbent. 

6. Process as claimed in any one of the claims 
40 1-5, wherein the first absorbent and the auxiliary 

absorbent are aqueous solutions of at least one 
amine compound. 

7. Process as claimed in claim 6, wherein the 
auxiliary absorbent further contains a physical ab- 

45 sorbent. 

8. Process as claimed in claim 6, wherein the 
amine compound is a primary or a secondary 
amine. 

9. Process as claimed in any one of the claims 
50 1-5, wherein the first absorbent is an aqueous 

solution of a tertiary amine and wherein the auxil- 
iary absorbent is an aqueous solution of at least 
one amine compound selected from the group of 
primary and secondary amines. 
55 10. Process as claimed in claim 9, wherein the 
auxiliary absorbent further contains a physical ab- 
sorbent. 

1 1 . Process for removing acid gas from a gas 



4 



EP 0 399 608 A2 



mixture containing acid gas substantially as de- 
scribed in the specification with reference to the 
accompanying drawing. 
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© Process for removing acid gas from a gas mixture containing acid gas. 

© Process for removing acid gas from a gas mix- 
ture containing acid gas comprising the steps of 
contacting the gas mixture with a first absorbent in 
absorber (3) to produce treated gas and loaded first . 
absorbent, and regenerating (20) loaded first absor- 
bent to produce regenerated first absorbent and a 
gas enriched in hydrogen sulphide; contacting the 
treated gas in absorber (30) with auxiliary absorbent 
to produce purified gas and loaded auxiliary absor- 
bent, and regenerating (50) loaded auxiliary absor- 
bent to produce regenerated auxiliary absorbent 
which is supplied to the auxiliary absorber and a gas 
enriched in hydrogen sulphide: supplying gas en- 
riched in hydrogen sulphide to sulphur recovery 
plant (55); reducing (60) the sulphur compounds 
other than hydrogen sulphide in the off-gas to hy- 
drogen sulphide to produce reduced off-gas; con- 
tacting the reduced off-gas in absorber (65) with 
regenerated first absorbent to produce sulphur-free 
gas and partly loaded first absorbent; and supplying 
partly loaded first absorbent to the first absorber for 
use in absorber (3). 
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